The quasiparticle band structures of four polytypes 3C, 6H, 4H, and 2H of GaP, GaAs, GaSb, InP, InAs, and InSb are computed with high accuracy including spin-orbit interaction applying a recently developed approximate calculation scheme, the LDA-1/2 method. The results are used to derive band offsets ∆Ec and ∆Ev for the conduction and valence bands between two polytypes. The alignment of the band structures is based on the branch-point energy EBP for each polytype. The aligned electronic structures are used to explain properties of heterocrystalline but homomaterial junctions. The gaps and offsets allow to discuss spectroscopic results obtained recently for such junctions in III-V nanowires.
XC self-energy operator, e.g. within Hedin's GW approximation 43 . An efficient method to solve the QP equation has been recently developed 44, 45 . Its iteration begins with a replacement of the XC self-energy by the functional derivative of the non-local HSE06 hybrid functional [46] [47] [48] (using a parameter of ω = 0.15 a.u. We apply this method by preparing a pd-like excitation in the electronic system of a certain compound for which XC is treated by the LDA functional 36 . In order to find a reasonable characterization of the excitation and a corresponding self-energy one needs occupation numbers and cutoff radii CUT for each atom. We construct them following the rules of (i) maximizing the fundamental gap of zinc-blende compounds, (ii) transferability of the "atomic" parameters in different chemical environments, and (iii) the sum of radii CUT should be smaller than or of the same magnitude as a bond length. The values are listed in Table I also to predict the band structures and band parameters for the hexagonal polytypes pH (p = 2, 4, 6).
C. Band alignment
In order to determine the band discontinuities ∆E c and ∆E v for a heteromaterial or here heterocrystalline junction, one needs an alignment of the energy scales and hence the band structures on both sides of such a junction. The computational method for a more or less lattice-matched heterojunction uses the electrostatic potentials across the junction and those of the two materials 59, 60 . This procedure however requires the construction of a certain interface between two polytypes.
We neglect the small effects due to the interface, e.g. the interface dipole. We apply a more "macroscopic" In general, the situation of the Γ 7c /Γ 8c band ordering and hence the band distance In the case of 4H (6H) the lowest conduction band of 3C at L and 0.5 ΓL (2/3 ΓL and 1/3 ΓL) is folded onto the Γ point. As a result besides the Γ 7c level (p − 1) (twofold-degenerate) conduction levels appear nearby in the case of a pH polytype. This can be clearly seen in conduction bands of GaP polytypes are more difficult to explain using simple folding arguments due to the reverse ordering of the conduction-band minima.
At first glance the uppermost valence bands at Γ of the hexagonal crystals are similar to that of 3C. Only the (positive) crystal-field splitting ∆ cf (see Table II ) leads to an additional splitting of the Γ 8v state in 3C besides the Γ 8v − Γ 6v splitting due to the spin-orbit interaction.
In wurtzite crystals one expects a sequence of the valence levels Γ 9v , Γ 7v+ , and Γ 7v− , which is present in 
Solving the identification problem of the Γ 7v− valence state discussed above in Fig. 4 , the parameters ∆ cf and ∆ so can be determined. The results are also listed in Table II and depicted in Fig. 6 .
For each compound the crystal-field splitting ∆ cf increases monotonously with the polytype hexagonality h (see Fig. 6a and Table II) as expected. This is in agreement with the increase of the aspect ratio c/a (see Fig. 2 and also 13, 18 ) and the deviation of u (not explicitly given) from its ideal value u = 0.375. In contrast to the nitrides 67 the u parameters computed for the other Ga-V and In-V compounds fulfill the condi- nitrides. 67 Only the 2H-InSb value 159 meV 27 approaches the splitting given in Table II .
Results of the fitting procedure with formula (1) for the spin-orbit splitting (neglecting its anisotropy) are given in Table II 
B. Band lineup
The branch-point alignment of the band edges of the four polytypes leads to the band edges E c and E v (with respect to the E BP energy zero) and, consequently, the band discontinuities ∆E c and ∆E v given all in Table II .
They are used to plot the band lineups in Fig. 7 . Omitting for a moment GaP, where the discussion of the con- Table II and Table II . However, in this paper the band alignment has been made by aligning the center of gravity for the uppermost three valence bands at Γ.
V. SUMMARY AND CONCLUSIONS
Using the LDA-1/2 method, an approximative scheme to compute quasiparticle electronic stuctures, and taking the spin-orbit interaction into account, we have studied the quasiparticle band structures of the 6H, 4H, and 2H (wurtzite) polytypes of conventional III-V compounds which crystallize in the 3C (zinc blende) structure under ambient conditions. Using folding and symmetry arguments the valence band maxima have been found to be Γ 9v for the hexagonal polytypes of all compounds studied. Apart from GaP the energetic ordering of the lowest conduction bands is fixed to Γ 7c below Γ 8c , although these levels are close for GaAs.
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